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PURPOSE 

There are two non- executable modules which are parts of the 703 MATH 
SUBROUTINES. One of these is a block of 19 locations used as storage 
by the various routines. Each location has a label. There are four 
locations labelled RET1, RET2, RET3 and RET4. These locations 
are used as temporary storage for the index register return location. 

There are ten locations labelled TMP1 , TMP9, TMPC These 

are used as temporary storage by the executable routines. There are 
four locations labelled MNT1, . . . . , MNT4. These are used as a 
software register for Double Precision (MNT2, MNT3), for Floating 
(MNT1, MNT2, MNT3) and for Double Floating (MNT1, MNT2, MNT3, 
MNT4) arguments. 

The label MNTO refers to the same location as MNT1. There is one 
word labelled OVFL which is used as a flag to indicate overflow or 
underflow conditions. 



The second non -executable module consists of a set of labelled constants 
used commonly by various math subroutines. Examples might be: 

Dl which is a decimal 1, 

BO which is bit zero of a 16 bit word 

M15R which is a 15 bit mask, right adjusted 
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PURPOSE 

To multiply two single-word arguments and set their two-word product 
in the software pseudo-registers MNT2, MNT3. The high word of the 
product is stored in MNT2. The low word, always given a zero sign bit, 
is stored in MNT3 and is also left in the accumulator. 

Arguments and product are in two's complement form. 

USAGE 

Calling Sequence 

The routine will return to L+l with the result in the Double Precision 
Register. 

L SMB MPYS 

L JSX MPYS 

L+l return 



Argument Description 

The two arguments must be in the hardware accumulator and the least 
significant half of the Double Precision Register, i.e., in MNT3. 

Storage Requirements 

External storage in RET1, TMP1, and the software registers MNT2, 
MNT3. 
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METHOD 



Multiplicand and multiplier are selected so that the multiplicand to 
work with be positive. If both factors are negative, they are both 
converted to positive prior to the multiplication. The product is the 
accumulation of the shifted multiplicand for each bit found true in 
the multiplier. The multiplier is placed in the index register and 
each one of its bits is checked as it occupies the rightmost position. 
Both the multiplier and the accumulation already set in the 
accumulator are shifted to the right one bit at a time. When the sign 
bit comes under test, and if it is found negative, the multiplicand is 
subtracted from the accumulator, than giving a negative product. 

ERROR CONDITIONS 

15 
Squaring -2 (X'8000 1 ) will turn on the overflow flip flop. 

RESTRICTIONS 

Entries 



MPYS, MPYA 

MPYA is a special entry reserved to the multiple precision multiply 
subroutines. 

Other Routines 



None 

External Constants 

None 

Space U sed 

71 words 



Timing 

Minimum - 65 cycles 

Maximum - 105 cycles 

Average - 84 cycles (any argument) 

Average - 79 cycles (positive arguments) 
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SP DIVIDE 



QUALITY SOFTWARE 



DATE: March 1968 

ID CODE: BLH 

DRAWING: 390665 (Rev C) 

LABEL: DIVS 

AUTHOR: JACQ 

SOURCE: SYM I Assembly Language 

OBJECT: Relocatable 



PURPOSE 

To divide a two-word dividend by a single-word divisor, giving a single- 
word quotient in the software register MNT3, and a single-word remainder 
in the software register MNT2. The quotient is also duplicated in the 
accumulator. 

USAGE 



Calling Sequence 

SMB DIVS 
L JSX DIVS 

L+l return 

The routine will return to L+l. 

Argument Description 

The divisor must be placed in the hardware accumulator. The dividend 
must be set in the software registers MNT2, MNT3. In order to conform 
with the hardware divide, the routine accepts any setting in the sign bit 
of the lower word (the standard double precision format requires the 
second sign bit to be zero). Both arguments are in two's complement 
form. 



Storage Requirements 

External storage in RET 1, TMP1, TMP2, TMP3, and the software 
registers MNT2, MNT3. 
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METHOD 



The signs of the arguments are saved. When negative, the arguments are 
converted to their absolute value. The quotient is obtained bit by bit from 
left to right in an algorithm where the divisor is repeatedly subtacted if it 
fits, first into the most significant half of the dividend, then into the 
successive remainders. The contents of the accumulator and index re- 
gisters are each time shifted one bit position to the left, then the next 
quotient bit is set true in the rightmost position of the index register for 
each effective subtraction. The final remainder is set to the original 
sign of the dividend and stored in MNT2. The quotient is set to its pro- 
per sign and stored in MNT3. 

ERROR CONDITIONS 

Any time the divisor is not found greater in magnitude than the dividend 
high word, the overflow flip flop is turned on. The arguments are left 
unaltered upon exit. 

RESTRICTIONS 

Entries 



DIVS 

Other Routines 

None 

External Constants 

Dl (= 1) 

D2 (= 2) 

BO (X'8000') 

M15R (X'7FFF') 

S pace Used 

73 words 

Timing 



Minimum 
Maximum 



149 cycles 

193 cycles 
Ave 



, ' era S e 171 cycles 

Average (positive arguments) 164 cycles 
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700 PROGRAMMING SYSTEMS 



SP CUMULATIVE MULTIPLY 



OUALITY SOFTWARE 

DATE: March 1968 

ID CODE: BR J 

DRAWING: 391101 

LABEL: ACMY 

AUTHOR: JACQ 

SOURCE: SYM I Assembly Language 

OBJECT: Relocatable 



PURPOSE 

To add a one-word number to the product of two one-word numbers. 
USAGE 



Calling Sequence 

L-l SMB ACMY 

L JSX ACMY 

L+l Return 

Argument Description 

The argument to add to the product is in the software register MNT2. 

The two factors of the product are in the software register MNT3 

and in the hardware accumulator. All three arguments must be positive. 

Storage Requirements 

External storage RET1, MNT2, MNT3 

METHOD 

The multiplier is moved from the accumulator to the index register, the 
contents of MNT2 is set in the accumulator. Using the contents of MNT3 
as the multiplicand, the multiplication is initialized, then control is 
transferred to the multiply routine (MPYS) at entry point MPYA. 
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RESTRICTIONS 

Usage 

Strictly restricted to positive arguments. 

Entry 

ACMY 

Other Routines 

MPYS 

External Constants 

None 

Space Used 

6 words 

Timing 

78 + 14 cycles 
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